We report a new technique for pelvic external fixation that we have developed as an alternative to the anterosuperior (Slätis) and the anteroinferior (supra-acetabular) type pelvic external fixator configurations. The method principally differs from the other techniques by virtue of the subcristal positioning of the pins and offers advantages in terms of easier pin placement, less skin irritation, less pin tract infection and loosening, and less interference with hip flexion, while allowing dressing, sitting, and walking. Between 1992 and 2006, we successfully used subcristal pelvic external fixators as the definitive fixation device for 20 patients with pelvic ring disruptions. The only complications encountered were superficial pin tract infections in 4 patients (20%) who were successfully treated with wound care and antibiotics.
INTRODUCTION
Pelvic external fixators can be built in different grades of complexity starting from 3 basic frames ( Fig. 1 ): (a) anterosuperior, 1, 2 with pins inserted perpendicular to the iliac crest in a superior to inferior direction (as in the Slätis frame 3 ); (b) anteroinferior, 1,2 with supra-acetabular pins inserted in an anterior to posterior direction 4 ; and (c) subcristal, 2 with pins inserted from the anterior superior iliac spine (ASIS) in the subcortical bone of the iliac crest and parallel with the crest.
External fixation of the pelvis is one of the few pelvic operations occasionally performed by surgeons who do not specialize in acetabular and pelvic ring fixations. The superficial location of the iliac crest can easily mislead the less-experienced surgeon who is attempting to use the anterosuperior configuration to control the pelvic volume in emergency situations, such that the pins are incorrectly placed. In our clinical practice, we have observed this predominantly for patients who have had their initial assessment and treatment at peripheral health care centers. Others authors have also acknowledged this problem. 5 Most complications associated with pelvic external fixators are related to the failure to correctly place the pin between the inner and outer tables of the ilium, interference of the pins with anatomic structures located between skin and the bone entry point, or injury at sites where bone penetration occurs.
After being faced with the complications and/or inconvenience to the patients associated with the use of pelvic external fixators built on anterosuperior and anteroinferior pin placement, we carefully analyzed the human pelvis anatomy and concluded that pin placement subcortical to the anterior one fourth to one third of the iliac crest from the ASIS provided us with the best possible approach. We report on 20 patients where we used subcristal positioning of pins to provide pelvic ring fixation (Figs. 2, 3 ).
OPERATIVE TECHNIQUE
The patient is positioned supine on the operating table. The ASIS and the anterior aspect of the iliac crest's contour are marked on the skin. A skin incision of approximately 2 cm is made in line with the iliac crest starting at the ASIS down toward the subinguinal region (Fig. 4) . Blunt dissection is used to expose the anterior aspect of the ASIS superficial to the insertion of the inguinal ligament. A trocar-cannula set (trochar/drill sleeve/pin sleeve) is rolled mediolaterally and superoinferiorly over the ASIS to define the entry point. Because of the overhang of the iliac crest, the entry point lies medial to the center of the palpable ASIS and allows placement of the threaded pin just lateral to the inner cortex of the ilium. After defining the entry point, the trocar is removed with one hand, whereas the other hand stabilizes the drill sleeve. The external cortex is opened with a 4.0-mm drill orientated parallel with the superior aspect of the iliac crest toward the iliac tuberosity (IT), whereas the contralateral hand guides the direction by palpating the iliac crest between the thumb and index fingers. While maintaining the pin sleeve in place, the drill is removed and a 5-mm threaded pin (150-180 mm in length) is inserted until all the threads of the pin are intraosseous. The pin is directed toward the IT between the 2 cortices of the iliac crest. This is done at a low speed with the power drill in the screw mode so that the blunt pin finds its way between the 2 iliac cortices, without perforating them, before the change in direction of the iliac crest that occurs at the IT. The position of the pin can be checked with an image intensifier ( Fig. 5 ) and then the procedure is repeated on the other side. The frame is completed with two 150-or 180-mm rods, 2 pin-to-rod clamps, and 1 rod-to-rod clamp (Figs. 2, 6 ). The procedure usually takes approximately 10 minutes.
If both anterior and posterior stabilization of the pelvic ring are required, we routinely perform the posterior stabilization first. At times, when we cannot reduce or maintain the posterior reduction while we perform the percutaneous sacroiliac screw fixation, we place the subcristal pins without mounting the frame and use them as ''joy sticks'' to help manipulate and maintain the hemipelvis into the desired position for sacroiliac screw fixation. The frame is completed only after the posterior ring has been stabilized.
Postoperative Care
After the operation, regular dry pin site dressings are applied until wound healing. The patients are mobilized as allowed by the stability of the posterior pelvic complex and associated injuries.
Patients
Between 1992 and 2006, we applied 20 subcristal pelvic external fixators as the definitive method of fixation on the anterior pelvic complex for unstable pelvic ring disruptions. There were 6 females and 14 males with a mean age of 39.2 years (range 19-66 years). The injuries of 18 patients were classified as: 1 B1 injury, 3 B3 injuries, 5 C1-1 injuries, 3 C1-2 injuries, 1 C1-3 injury, and 5 C2 injuries. 6 We were not able to classify the injury in 2 of the patients due to lost x-rays. The patients were followed for a mean of 3.2 years (range 2-7 years).
The fixators were maintained in place until the pelvic ring injuries were deemed to be healed and/or stable, which was a mean of 10.7 weeks (range 4-22 weeks). The only exception was 1 patient where the subcristal external fixator was replaced after 4 weeks with plate fixation to correct gross pubic rami fracture displacement.
All fixators were well tolerated by patients. After being allowed to mobilize, all patients were able to dress, sit (Fig. 3) , and walk. Four patients (20%) developed superficial pin track infections, all of which were successfully treated with wound dressings and antibiotics. Three patients (2 infected with methicillin-sensitive Staphylococcus aureus and 1 with Pseudomonas aeruginosa) required antibiotics for 2 weeks, and the fourth case (infected with methicillin-resistant Staphylococcus aureus) required antibiotics for 5.5 weeks, until the removal of the frame. Infections were diagnosed at an average of 6 weeks after the fixator was applied (range 2.5-17 weeks). The mean time from diagnosing the infection to 
DISCUSSION
The precise role of external fixators in the management of pelvic ring fractures is still evolving, with periods of increased interest spurred on by potential improvements in the technique, followed by periods of less interest due to the complication rate and lack of desired stability associated with external fixation of the pelvis. 7 In our clinical practice, we restrict the use of pelvic external fixation to the management of some types of open pelvic fractures and pelvic injuries that require anterior stabilization but where internal fixation is considered inappropriate due to the pattern of associated pubic rami fractures.
Although numerous complications have been reported after pelvic external fixation, 8 direct comparison of the types and rates of complications is difficult as all studies have been retrospective in nature and the method of diagnosing complications was inconsistent between studies. Nevertheless, the complications associated with anterosuperior frames include pin tract infection (which can lead to abscess formation, osteomyelitis, and the need for pin replacement 8, 9 ), aseptic loosening, loss of reduction, 9 incisional hernia, 8 impingement, and nerve damage. 9 For anteroinferior frames, intra-articular malpositioning of the pins 5, 8 and suprapubic hernias 10 have also been reported.
No significant anatomic structures are at risk when inserting a subcristal pin. Although the lateral cutaneous nerve of the thigh is in close vicinity, as this nerve passes deep to the inguinal ligament or through the ligament, 11 it is not at risk as long as the pin insertion technique is followed and the inguinal ligament/deep fascia layer are not violated.
Correct pin placement is of utmost importance for optimizing mechanical stability and for preventing pin loosening, which in turn reduces the likelihood of pin tract infection. Correct placement of pins using the subcristal approach is facilitated by the superficial location of the landmarks that are used to guide pin positioning (ie, ASIS and IT). When we first started using this technique, we used an image intensifier during the procedure but now only take in-theater postoperative x-rays to confirm correct pin placement. In contrast with our experience using the subcristal approach, correct pin placement using the anterosuperior approach is particularly difficult for inexperienced surgeons, with Waikakul et al 12 reporting an 18% rate of incorrect pin placement. Although aiming devices have been described to improve pin placement during the anterosuperior approach, 12, 13 these further increase the complexity of the surgery. Supra-acetabular pin placement when using the anteroinferior approach is difficult due to the deep location of the anterior superior iliac spine and the variable obliquity of the long axis of the ilium in the transverse plane. 2 Another consideration for the optimal approach to pelvic external fixation is the amount of soft tissue opposition between the skin and bony insertion points. Pin insertion sites where the bony insertion point is closest to the skin will result in less movement and better stability of soft tissue around the pin, which in turn reduces the risk of pin tract infection. Solomon et al 2 demonstrated that the amount of soft tissue interposition at the pin insertion site was smallest with the subcristal approach than the anterosuperior or anteroinferior approach.
In terms of infection-related complications, in our limited patient series using the subcristal frame, our infection rate of 20% compares favorably with the 24%-40% rates reported with anterosuperior frames 9, 13, 14 and also with the 24% infection rate reported with anteroinferior frames. Furthermore, all the infections encountered in our patients were successfully managed with wound care and antibiotics alone, without the need for pin replacement or frame removal, in contrast with previous reports associated where frame removal has been necessary in some instances. 8, 9 CONCLUSIONS Anatomic considerations suggest distinct advantages associated with the use of subcristal pin positioning for pelvic external fixation compared with the alternative pin positions currently employed. Subcristal pin positioning is the only technique that uses consistently and readily identifiable superficial bony landmarks (ASIS and IT) for pin insertion in a region with consistently adequate bone stock. Thus, the subcristal approach facilitates reliable pelvic external fixator that is easy to apply in a reproducible manner as a percutaneous procedure, without the need for an image intensifier or special jigs. The frame is well tolerated by patients for the extended periods of treatment that are often required. Furthermore, it allows dressing, sitting, and walking; full surgical access to the abdominal wall if required; and a lower overall complication rate.
